
CS 165 - Spring 2020 - Homework 2

We want to do REAL meaningful things with Mathematica rather that cute menial
meaningless tasts. The problems listed below are those one might see working as a math-
ematician or scientist, in research or industry. Well ... each problem here might be a
small piece of such a problem. But we’re building up our repertoire! Today we look at
the date structure “the List”, and we do a lot of things one sees in Calculus. We will see
derivatives, integrals, finite and infinite series, max/min, and lots more! With that said...

Read Chapter 2 in the text. And then, do the following:

1. Compute the 12th degree polynomial for the function: f(x) = sin(5x) and 25f ′′(x).
Identify the relationship between the two series. Make a mathematical statement
(comparison) regarding this relationship. State the limitations of this statement.

2. Let f(x) = 1
x
. In a single graph, with window −5 ≤ x ≤ 5, display the first 20

Taylor polynomials for this function, centered at x = 1.

3. Repeat the previous question, but center these functions at x = 2. State why you
think that these graphs should be identical. State why they may not be.

4. Let f(x, y) = cos(x) sin(y). Graph this on a grid of −10 ≤ x, y,≤ 10. Use a
Mathematica command (research what this command might be!), to determine the
(x, y) coordinates of all local maxima and minima.

5. Again using f(x, y) = cos(x) sin(y), compute ∂f
∂x
, ∂f
∂y
, ∂

2f
∂x2 ,

∂2f
∂y2
, ∂2f
∂x∂y

. Are there con-
nections between the results of this question and the results of the last question?
State these.

6. Once more with f(x, y) = cos(x) sin(y): Compute the integrals
∫ 10

−10

∫ 10

−10 f(x, y) dx dy.
Does your answer make sense? Why?

7. Using formulas such as f(x) =
√
R2 − x2 and f(x, y) =

√
R2 − x2 − y2, compute

the area of a circle of radius R and a sphere of a radius R.

8. In the same way as in the previous problem, compute the volume of a cone of base
radius R and height h.

9. Use Mathematica and general functions f(x), g(x), j(x), k(x) to compute the fol-

lowing well known derivative formulas: i) d
dx

[f(x)g(x)j(x)], ii) d
dx

[
f(x)g(x)
j(x)k(x)

]
, iii)

d
dx
f(x)g(x), iv) d

dx
ln(f(x)). State which ones you already knew!

10. Create three lists: each contains the daily high temperatures, for the next 7 days,
for the cities: Los Angeles, New York City, Canberra Australia. Plots these three
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lists together on both i) a ListPlot, and ii) a ListLinePlot. Label these and make the
graphs professional looking, by consulting the lavish array of plot features. State a
comparative conclusion about the temperature in these cities.

11. Let f(x) be a well behaved function over the interval [0, 1]. Create a command or
sequence of commands from today’s class which computes the Riemann Sum ap-
proximation to

∫ 1

0
f(x) dx. You should be able to select the value n, the number

of rectangles. Verify the accuracy of your approach by applying this to three func-
tions: sin(x), x2ex, and 5

1+x2 , by showing that as n gets large, the error between your
Riemann approximation and the actual value of the integral approaches 0.

12. Compute
∫ 1

0
xx dx i) Exactly, ii) Using an appropriate set of Taylor Polynomials.

In particular, you should create a Table of Approximations using P1(x), P2(x), ....
So the k-th element of your table is given by the integral approximation using the
Taylor Polynomial of degree k. The LAST element of your table should correspond
to the value of k for which the integral approximation is within 10−6 of the actual
value.

13. Research Question: Fill a List with the first 100 digits of π. Locate and apply the
appropriate commands to perform a statistical analysis of these digits. In particular,
Max, Min, Mean, Median, Standard Deviation. Create a second List which contains
the frequency of occurrence of each digit, and display this in a Histogram Plot.

14. Repeat the last question for 100, 1000, 10000, 100000, 1000000 digits.

15. What do the singer Prince, and Vice President Mike Pence have in common? What
do the years 1066, 1483, and 1936 have in common in English History?
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